DNase I was used to probe the molecular organization of the chicken ovalbunln (OV) gene and glyceraldehyde 3-phosphate dehydrogenase (GPD) gene In lnterphase nuclei and in metaphase chroaosomes of cultured chicken lymphoblastoid cells (MSB-1 line). The OV gene was not transcribed in this cell line, whereas the GPD gene vas constitutively expressed. The GPD gene was more sensitive to DNase I digestion than the OV gene in both interphase nuclei and metaphase chromosomes, as determined by Southern blotting and liquid hybridization techniques. In addition, we observed DNase I hypersensitive sites around the 5' region of the GPD gene. These hypersensitive sites were not always at the same locations between the interphase nuclei and metaphase chromosomes. Our results suggest that chromatin condensation and decondensation during cell cycle alters nuclease hypersensitive cleavage sites.
INTRODUCTION
Evidence from several sources suggests that transcriptionally or potentially active genes exist in an altered conformation in nuclear Interphase chromatin. DNase I as well as other nucleases have been used as probes to preferentially digest a variety of transcriptionally active genes in chromatin. These include globin (1), ovalbumin (2,3), Droaophila heat shock genes (4), ribosomal genes (5), and a diversity of integrated viral genes (6-8).
Transcrlptlonal activity per se is apparently not required to maintain the "active" conformation, since genes that were once expressed but subsequently became inactive during normal development or in response to (or withdrawal from) acute environmental stinuli can still manifest the sensitive conformation (1,4,9). Moreover, a gene's degree of sensitivity to DNase I appears to be Independent of the rate at which it is transcribed (10). These observations are consistent with the concept that sensitivity to DNase I may be a necessary, but not the only, condition for transcription (11) .
During mitosis, replicated genetic material is segregated and condensed into daughter chromosomes that exhibit very low level of transcriptional activity. The process of chromatin condensation is thought to involve repeated folding and coiling of fibers to form higher order structures (12,13). Clearly, it is possible that genes expressed in interphase nuclei night be placed into a structural conformation in condensed chromosomes that make them inaccessible to nucleases as well as RNA polymerases. However, the effect of chromatin condensation on the sensitivity of nucleases to the domains of expressed and repressed genes are not known. We report here the use of deoxyribonuclease (DNase 1) as a probe to examine the nuclease sensitivity of two structural genes, glyceraldehyde-3-phosphate dehydrogenase (GPD) and ovalbumln (OV), within interphase nuclei and condensed metaphase chromosomes prepared from cultured chicken MSB-1 cells.
MATERIALS AND METHODS

Cell culture and isolation of nuclei and chromosomes
Chicken lymphoblaatoid cell line MSB-1, which was established from a spleen tumor In a bird having Marek's disease, was used for this study. The karyotype of the cells has been shown to be normal, except for a single translocatlon (14) . The cells were propagated at 41°C in McCoy's 5a medium supplemented with 10Z fetal calf serum. The doubling tine of cells cultured under these conditions is about 8 h. Synchronization of cells was achieved by a single mitotic block with Colcemid (0.06 yg/ml) for 6 h. A mltotic index of ~ 70Z was commonly obtained.
Preparation of nuclei and chromosomes was the method described previously (15,16). Briefly, after Colcemid block, the cells were pelleted by centrifugation (2,000 rpm for 10 min. Sorvall GSA rotor) and resuspended In the cell culture mediun at ~ 10*> cells/ml. Four volumes of twice-deionized water were added and the cell suspension was incubated at room temperature for 15 mln. The cells were then pelleted by centrlfugatlon and resuspended at 5x10? cells/ml in chromosome isolation medium as described by Blumenthal et al. (17) . After incubation in this chromosome isolation medium for 20 min, the cell suspension was forced through a 20-gauge needle six times to disrupt the cells and release the chromosomes. The lysed cell suspension (5 ml) was layered onto 20 ml of a 2OX sucrose solution prepared in chromosome medium in a Corex tube. Nuclei were pelleted by centrifugation in a Sorvall HB 4 rotor at 2,000 rpm for 10 min. The supernatant fluid, which consisted of two layers (cell mixture and sucrose solution layers), was carefully removed one layer at a time and reassembled In another Corex tube. The chromosomes were pelleted by centrifugation at 7,000 rpm for 20 nln in the same rotor. Cross-contamination of chromosomes and nuclei in the fractions was monitored by staining the samples with ethidium bromide (20 ug/ml) and observing then in a Leltz fluorescence microscope. If necessary, the pelleted chromosomes or nuclei were resuspended in the chromosome isolation medium and subjected to another differential sedimentation procedure as described above to remove contaminating nuclei in chromosome sample or contaminating chromosomes in nuclei sample. Usually leas than 5% cross-contamination was found in both chromosome preparations and nucleus preparations. This was calculated froa the number of nuclei (or chromosomes) in an aliquot of the isolated chromosomes (or nuclei) using light microscopy, on the assumption that 28 chromosomes are quivalent to one nucleus. Chicken cells contain 28 light-microscopically Identifiable macrochromosoaes and soae 40 microchromosomes that cannot be clearly seen by light microscopy. Fig. 3A, lanes 2-5) . These autoradiographs were scanned with a densitometer and the area under each autoradiographlc peak was Integrated (Fig. 3B) . The relative content of each fragment was normalized to the undigested control samples. The analysis showed that the GPD 15-kb was approximately 2.5-fold more sensitive than the OV 14-kb to the nuclease digestion. We chose OV 14-kb for comparison because the GPD 15-kb Is only 1.07-fold longer than the OV 14-kb fragment. The nuclease sensitivities of GPD and OV genes were then examined In condensed metaphase chromosomes. Chromosomes prepared from synchronized MSB-1 cells were mildly digested with DNase 1 and analyzed as described above. The results of this experiment,as shown in Figure 4A , revealed that the GPD 15-kb fragment was more susceptible to DNase I than any of the OV fragments. Differential sensitivity analyses as described above demonstrated that the It is important to note that the 8.6-kb fragment is not present in the nuclease-dlgested chromosome samples (Fig. 4A, lanes 2-5) . Instead, another new fragment of 6.3 kb that is complementary to pGPD28 emerged fron nuclease-digested chromosomes. Interestingly, the 6.3-kb fragment was not present in the DNase I-digested nuclei saaples (Fig. 3A) .
We utilized the restriction enzyme Hind III to help locate the hypersensitive sites (Fig. 5) Fig. 3A and 4A , indicate that condensation of chromatin into chromosomes altered the locations of nuclease hypersensitive cleavage sites. We have reason to believe that the abovementioned hypersensitive cleavage is due to chromosome structure rather than nucleotide specificity of the nuclease. This conclusion is based on the result of a control experiment that showed the nuclease does not produce strong specific cleavage in the purified chicken nuclear or chromosomal DNA (Fig. 5C) . 
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